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Background: The progression of scrapie is known to be influenced by the amino acid polymorphisms of the host
prion protein (PrP) gene. There is no breeding programme for TSE resistance in sheep in Finland, but a scrapie
control programme has been in place since 1995.
In this study we have analysed PrP genotypes of total of 928 purebred and crossbred sheep together with the data
of scrapie survey carried out in Finland during 2002–2008 in order to gain knowledge of the genotype distribution
and scrapie prevalence in Finnish sheep.
Results: The ARQ/ARQ genotype was the most common genotype in all breeds studied. ARR allele frequency was
less than 12% in purebred Finnish sheep and in most genotypes heterozygous for ARR, the second allele was ARQ.
The VRQ allele was not detected in the Grey race sheep of Kainuu or in the Aland sheep, and it was present in less
than 6% of the Finnish Landrace sheep. Leucine was the most prominent amino acid found in codon 141. In
addition, one novel prion dimorphisms of Q220L was detected. During the scrapie survey of over 15 000 sheep in
2002–2008, no classical scrapie cases and only five atypical scrapie cases were detected.
Conclusions: The results indicate that the Finnish sheep populations have genetically little resistance to classical
scrapie, but no classical scrapie was detected during an extensive survey in 2002–2008. However, five atypical
scrapie cases emerged; thus, the disease is present in the Finnish sheep population at a low level.Background
Scrapie is a transmissible, naturally occurring neuro-
logical disease of sheep and goats. It is characterized by
a long incubation period and gradual degeneration of
the central nervous system, invariably leading to animal’s
death. A number of clinical signs, e.g. pruritus, weight
loss, salivation, nervousness, altered behaviour and
ataxia, are associated with the disease. Scrapie has been
recognized as a clinical disorder of sheep worldwide for
more than 270 years [1,2]. The assumed aetiological
agent of scrapie is a protease-resistant isoform of the
host-encoded prion protein (PrPSc) [3]. Although scrapie
is an infectious disease, certain amino acid polymorph-
isms in the sheep prion protein (PrP) affect sheep’s sus-
ceptibility to the disease [4-6]. Especially valine or
alanine at position 136 combined with arginine and glu-
tamine at positions 154 and 171, respectively, are* Correspondence: maria.hautaniemi@evira.fi
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distribution, and reproduction in any mediumassociated to susceptibility to classical scrapie. The
greatest risk for both natural and experimental scrapie is
associated with genotypes encoding V136R154Q171
(VRQ). The second greatest risk is associated with the
A136R154Q171 (ARQ) homozygous genotype; moreover, it
has been indicated that this genotype is associated with
increased scrapie susceptibility in breeds where the VRQ
allele is rare or absent [6-8]. The A136R154R171 allele
(ARR) has generally been shown to slow down the pro-
gression of both natural and experimental scrapie in
sheep [4,6,9]. In addition to polymorphisms at codons
136, 154 and 171 of the prion gene, many other poly-
morphisms have been described in sheep [10,11].
As the result of the increased scrapie surveillance, a
number of atypical cases have been identified in many
European countries [12]. Genetic susceptibility to atyp-
ical scrapie is reported to be associated with different
genotypes than in classical scrapie. Atypical cases are
generally found in animals carrying the A136H154Q171
(AHQ) or ARQ allele, and also sheep with the ARR/ARR
genotype has been shown to be infected naturally withntral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited.
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has been associated to atypical scrapie [13-15].
The Finnish sheep population consists of about 55 000
ewes aged over 12 months living on 1000 farms. The aver-
age number of ewes on a farm is approximately 55, and
only 150 farms have more than 150 ewes in a flock. Major-
ity of the sheep are of Finnish Landrace sheep, but a small
proportion of other breeds exist, including the Aland
sheep, the Grey race sheep of Kainuu and Texel. Scrapie is
mandatory notifiable disease in Finland and a scrapie con-
trol program was established in 1995. There is no breeding
programme for TSE resistance in sheep in Finland. This
paper describes the results of a scrapie survey and prion
protein genotypes of the main breeds of sheep in Finland
studied during 2002–2008 in conjunction with the epi-
demiology of Finnish atypical scrapie cases.
Results
PrP genotypes of Finnish pure- and crossbred sheep
The frequencies of PrP genotypes of altogether 928
purebred and crossbred Finnish sheep regarding the
codons 136, 141, 154 and 171 are presented in Table 1,
and the frequencies of different alleles of Finnish sheep
breeds are summarized in Table 2.
ARQ and ARR alleles were present in all the sheep
breeds analysed, the ARQ being the dominant allele
(64.1–91.7%, Table 2) and ARQ/ARQ being the prevail-
ing genotype (Table 1). Sheep with the ARR/ARQ geno-
type was the second largest group in all breeds studiedTable 1 PrP genotypes of Finnish sheep
PrP genotype Breed
Finnish landrace Grey race sheep of Kainu
n % n %
ARQ/ARQ 161 68.8 40 83.3














Total 232 100.0 48 100.0
n=number of animals.(15.9–25.3%). VRQ/VRQ genotype was extremely rare;
only 0.4% and 0.2% of Finnish Landrace and crossbred
sheep, respectively, were shown to have this genotype.
AHQ allele frequency was found to be notably higher in
the Aland sheep (18.8%) compared to Finnish Landrace
sheep (0.2%), Grey race sheep of Kainuu (0%) and Texel
(4.2%) (Table 2).
Of the sheep breeds studied, only two Finnish Landrace
was shown to carry F at codon 141 (Tables 1 and 2) and
three crossbred sheep had the F141 polymorphism linked
with one ARQ haplotype (hereafter AFRQ) (Table 1).
In addition to the L141F polymorphism, some other
polymorphisms were detected in the sheep genotyped by
sequencing the complete PrP open reading frame during
2002–2003. These polymorphisms are presented as a
wild type codon mutation e.g. R151C in Table 3. All
sheep either homozygous or heterozygous for the poly-
morphisms carried at least one ARQ haplotype.
Altogether eight dimorphisms out of 410 sheep samples
sequenced in full, specifically G89S, M137T, H143R,
R151C, R211Q, Q220L, E224K and P241S, were
detected. All of them except Q220L have been described
before [5,10,16-18]. The most common dimorphisms
detected in Finnish Landrace sheep were R151C and
E224K with allele frequencies 6.6% and 5.8%, respect-
ively. R151C was also the most common dimorphism
detected in Texel sheep (allele frequency 6.6%). The fre-
quency of the dimorphism E224K was relatively high
(18.8%) in Grey race sheep of Kainuu.u Aland sheep Texel Crossbred
n % n % n %
27 48.2 24 33.8 279 53.7
13 23.2 22 31.0 132 25.3
1 1.4 26 5.0
2 0.4
1 0.2
1 1.4 5 1.0
2 2.8 2 0.4
2 2.8 23 4.4
13 18.3 23 4.4
5 8.9 5 1.0
1 0.2
11 19.6 6 8.5 18 3.5
1 0.2
3 0.6
56 100.0 71 100.0 521 100.0
Table 2 PrP allele frequences of purebred sheep
Allele Breed
Finnish Landrace Grey race sheep of Kainuu Aland sheep Texel
n = 464 n= 96 n=112 n=144
ARQ 83.4 91.7 69.6 64.1
ARR 9.5 8.3 11.6 17.6
VRQ 5.6 0 0 1.4
AHQ 0.2 0 18.8 4.2
ARH 0.6 0 0 12.7
AF141RQ 0.6 0 0 0
Total 100.0 100.0 100.0 100.0
n=number of alleles.
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A total of 15 804 sheep were tested for scrapie in Finland
during 2002–2008. No classical scrapie was found,
whereas five cases of atypical scrapie were discovered, cor-
responding to a frequency of 0.03% of all sheep studied
(Table 4). The first of these cases occurred in 2004 and
was detected in the brainstem of a 9-year-old Finnish
Landrace sheep first as a weak positive result in Prionics
Western blot test and subsequently with BioRad TeSeE
test. The other four cases were detected with BioRad
TeSeE test either in the brainstem only or in both the
brainstem and cerebellum (Table 5). All the cases were
confirmed as atypical scrapie with SAF immunoblot [19]
and/or BioRad TeSeE Western blot test at the time of
their occurrence (results not shown). In addition, three of
the positive samples were confirmed as atypical scrapie in
the Norwegian TSE reference laboratory (National Veter-
inary Institute, Norway) and one of them was also con-
firmed in Animal Health and Veterinary Laboratories
Agency (AHVLA, Weybridge).
Background information and genotypes of the atypical
scrapie cases are shown in Table 5. The annual frequency
of atypical scrapie in fallen stock sheep varied between 0Table 3 Polymorphisms of the PrP gene
Polymorphism Breed
Finnish Landrace Grey race sheep of Kainu
n= 258 % n=96 %




R151C, E224K 1 0.4
R211Q, Q220L
E224K 15 5.8 18 18.8
P241S
n=number of alleles.and 0.12%. Amongst healthy sheep, only one case was
found in 2006, corresponding to a frequency of 0.04%
(Table 4). None of the atypical scrapie cases were reported
to have clinical signs.
Discussion
Sheep husbandry is a minor agricultural industry in Fin-
land. The Finnish sheep population is small and the ma-
jority of the animals are old Finnish breeds, the most
important of which is Finnish Landrace. In addition, a
small proportion of other breeds exist, including Aland
sheep, the Grey race sheep of Kainuu and Texel.
Our results provide the first data of PrP genotypes of
these main landraces, both purebred and crossbred
sheep, together with a small proportion of Texel sheep.
The predominant allele in the Finnish breeds was ARQ
(69.6–91.7%). ARQ is regarded as a wild type allele; it
has also been found at a high frequency in old sheep
breeds of Iceland [17,21,22]. Like Icelandic sheep and
native Austrian mountain sheep races, the Finnish Land-
race is well adapted to harsh Nordic climate and aseaso-
nal breeding. In addition, in these old breeds, only a few
alleles dominate; we found altogether 13 genotypes inu Aland sheep Texel Crossbred
n= 98 % n=122 % n=246 %
1 0.8 8 3.3
1 1.0
8 6.6 7 2.8
1 0.4
1 0.8 7 2.8
1 0.8 3 1.2























2002 2053/0 331/0 15/0 3/0 0/0 16/0 0
2003 1989/0 683/0 0/0 2/0 0/0 0/0 0
2004 498/0 800/1 2/0 3/0 2/0 37/0 1 Atypical 0.12/0
2005 392/0 899/1 1/0 1/0 1/0 43/0 1 Atypical 0.11/0
2006 2784/1 916/1 0/0 0/0 0/0 134/0 2 Atypical 0.11/0.04
2007 1944/0 1073/1 2/0 1/0 0/0 10/0 1 Atypical 0.09/0
2008 0/0 1163/0 0/0 0/0 1/0 0/0 0
Total 9660/1 5865/4 20/0 10/0 4/0 240/0 5
1The number after "/" of each group indicates the number of scrapie positive in that group.
2Atypical scrapie [20].
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than 10% of the sheep studied. Genotypes of Grey race
sheep of Kainuu consisted of only ARQ and ARR alleles,
the allelic distribution of Aland sheep was ARQ, AHQ
and ARR, whereas Finnish Landrace sheep exhibited all
five commonly observed alleles ARQ, ARR, VRQ, ARH
and AHQ. In terms of assessing clinical scrapie risk with
the National Scrapie Plan for Great Britain [23]
categorization, where R1 correspond to very low classical
scrapie risk and R5 the highest classical scrapie risk,
71.6% of Finnish Landrace sheep, 76.8% of Aland sheep
and 83.3% of Grey race sheep of Kainuu would fall into
risk group R3. Compared with breeds in Great Britain,
the high ARQ and notable AHQ allele frequency of
Aland sheep corresponds to the allele distribution of
Bluefaced Leicester sheep, whereas the Grey race sheep
of Kainuu with an absent VRQ allele resembles Suffolk
sheep, both of which are reported to be highly suscep-
tible to classical scrapie [7,8,24].
Our results indicate that Finnish sheep have genetic-
ally little resistance to classical scrapie. However, clas-
sical scrapie has never been detected in sheep in Finland
despite intensive surveys. The likely explanation for this
is non-existent or low infection pressure of classical
scrapie due to Finland’s limited and strict import policy
of live sheep intended to prevent the introduction of dis-
eases. Prior to 1995, only a small number of sheep fromTable 5 Atypical scrapie cases in Finland
Year Sample no Sample material Age in
2004 1/2004 brain stem 9
2005 1/2005 brain stem 10
2006 1/2006 brain stem and cerebellum 4
2006 2/2006 brain stem and cerebellum unknow
2007 1/2007 brain stem 2,3
NA=not applicable due to poor sample quality.Denmark and Sweden were imported [25], and after
1995 only a few sheep have been imported to nine farms.
All of the imported sheep after 1995 were from coun-
tries where the scrapie control programme is in place.
The two farms that imported sheep from countries out-
side the scrapie programme are under strict control.
Our results support the view that development of scra-
pie requires both susceptible genotype and sheep’s ex-
posure to an infecting scrapie strain [8,26].
In the intensive active surveillance for scrapie in sheep
in Finland during 2002–2008, no classical scrapie was
found, but five atypical scrapie cases were detected. It is
noteworthy that we detected the first atypical scrapie
case by using Prionics Western blot test until it became
general knowledge that atypical scrapie is sensitive to
the amount of proteinase K used by the method and
could thus go unnoticed [20,27]. Despite the higher con-
centrations of PrPSc in the cerebellum than in the obex
[28], in three out of five cases the diagnosis was made
from the obex, as the cerebellum was not available.
The genotype was obtained from four out of five atyp-
ical cases. Atypical scrapie is most often associated to
the ARQ allele, and contrary to classical scrapie, to the
AHQ and ARR alleles. In addition, sheep with atypical
scrapie have often been found to carry phenylalanine (F),
instead of leucine (L), at codon 141, usually in ARQ
homozygotes [13,14,20]. In our study one of the fiveyears Race Genotype
Finnish Landrace Fallen stock ALRQ/ALRQ
Finnish Landrace Fallen stock NA
Finnish Landrace Fallen stock ALRH/ALHQ
n Finnish Landrace Healthy ALRQ/ALRQ
Finnish Landrace Fallen stock AFRQ/AFRQ
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the AFRQ allele was rare in the studied sheep popula-
tion (Tables 1 and 2). These results support the associ-
ation of AFRQ with atypical scrapie. Furthermore, it has
been reported that the genotypes of the youngest ani-
mals infected with Nor98 atypical scrapie were AFRQ/
AFRQ, AFRQ/ALHQ or ALHQ/ALHQ, whereas atypical
scrapie sheep with the ALRQ/ALRQ genotype were
clearly older [13]. The Finnish atypical scrapie sheep
with the AFRQ genotype was slightly over two years old,
the sheep with the ALHQ allele was four years old and
the sheep with the ALRQ genotype was nine years old,
but because all of them were fallen stock without any
known clinical signs it cannot be concluded if the age of
the Finnish cases is associated to the onset of atypical
scrapie.
In addition to the known atypical scrapie-associated
polymorphism L141F, some other previously character-
ized and novel polymorphisms linked to the ARQ allele
were found in the Finnish sheep population. The most
frequent polymorphisms present in Finnish Landrace
were R151C and E224K (6.6 and 5.8% of sheep studied,
respectively), both of which have been described before
[17,18,29]. Variation in ovine PrP gene is common, but
an association of these polymorphisms with scrapie is
mostly unknown [11]. However, partial resistance with
natural scrapie has been associated to R151C in one
flock of Icelandic sheep [17] and to M112T in Japanese
Suffolk and Corriedale sheep [30]. The importance of
the relatively high frequency of R151C in Finnish Land-
race is unknown. The dimorphism of E224K found in
Finnish Landrace (5.8%) and Grey race sheep of Kainuu
(18.8%) has recently been described in Polish sheep
breeds [18]. To our knowledge the study of
Piestrzynska-Kajtoch et al. (2012) and this study are the
only reports of E224K polymorphism so far. This might
suggest that there would be a link between Finnish and
Polish sheep, but this is yet to be determined. There has
been no import of live sheep from Poland to Finland,
but it cannot be excluded that some Finnish landrace
sheep might have been exported to Poland from Finland
or from other countries.
The epidemiology of atypical scrapie remains incom-
pletely understood. The disease has been experimentally
transmitted to ovinized transgenic mice and sheep with
the genotype AHQ/AHQ [31,32]. This indicates that the
disease could be transmitted within a flock in natural
conditions, although this is yet to be established. It has
also been suggested that atypical scrapie could arise
spontaneously its being common to find only one atyp-
ical case per flock [12,13,15]. This suggestion is sup-
ported by the finding that atypical scrapie is usually
detected throughout the country, and typically only a
single positive sheep is identified in an affected flock[12,28,33]. All five Finnish atypical cases were single
cases in their flock, and no epidemiological connections
existed between them. Four out of the five atypical scra-
pie cases were originally detected in the brainstem which
was somewhat surprising because it is generally known
that the highest concentration of PrPSc in atypical scra-
pie is detected in the cerebellum. However, it has been
reported that in some cases of atypical scrapie PrPSc de-
position can be detected in the obex region of the brain-
stem [32,34]. The prevalence of atypical scrapie in
Finnish sheep was similar to that in European sheep
[12,15,33]. The prevalence was slightly lower in the
healthy sheep population than in fallen stock animals.
This might be due to the mean age of fallen sheep being
higher, as the incidence of atypical scrapie has been
reported to be higher in older sheep [13,35].
Conclusions
Atypical scrapie is present in the Finnish sheep popula-
tion at a low level. No classical scrapie was detected in
the intensive survey conducted in 2002–2008, although
the population has genetically little resistance to classical
scrapie.
Methods
Sample collection and DNA purification
Blood samples were randomly taken from purebred and
crossbred sheep flocks around Finland, altogether 720
samples during the years 2002–2008. The blood sam-
ples, as well as the brain samples described in the sec-
tion below, were collected by official veterinarians as a
part of Finnish scrapie surveillance programme and
requirements set out in Regulation (EC) No 999/2001,
Annex 2001. Therefore no experimental research on ani-
mals was carried out during this study. Sampling was
arranged and samples were received by the personnel of
the Evira’s TSE laboratory. In addition, we studied blood
samples collected from different purebred flocks of Grey
race sheep of Kainuu (48 samples), Aland sheep (45
samples), Finnish Landrace (64 samples) and Texel (51
samples) in 2002. Genotyping of scrapie-positive sheep
was done from brain tissue. DNA from blood samples
was extracted with the QIAampW DNA Mini Kit (Qiagen
Inc., Valencia, CA, USA) and DNA from scrapie infected
brain tissue was extracted using Chelex 100 chelating
resin (Bio-Rad Laboratories Inc., Valencia, CA, USA) and
phenol-chloroform extraction method [36].
PrP PCR
PrP was amplified in PCR producing 905 bp amplicon
with primers F1832 5’ GGG CATTTGATGCTGACAC
and F1833 5’ TGA GACACCACCACTACAG flanking
the PrP coding region. Amplification was done in a 50 μl
reaction mixture containing 100 ng of purified DNA,
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pmol of both primers, 10 mM Tris–HCl, pH 8.3; 50 mM
KCl, 1.5 mM MgCl2 and 2U of AmpliTaqGold (Applied
Biosystems, Foster City, CA, USA). Cycling conditions
after initial denaturation at 95 °C 8 min were 30 cycles
of denaturation (95 °C, 1 min), annealing (53 °C, 1 min)
and extension (72 °C, 1 min).Genotyping
PCR products were sequenced either at the DNA Syn-
thesis and Sequencing Laboratory, Institute of Biotech-
nology, University of Helsinki (2002–2003), or at EELA/
Evira since 2004. The sequence of both strands of the
PCR products were determined using either the PCR
primers F1832 and F183 producing a sequence com-
prising entire PrP open reading frame, or the primers
PrPR1 5’ ACATTTGCTCCACCACTCG and PrPF1
5’ AGCCACAGTCAGTGGAAC producing a sequence
comprising codons 104–210 of the PrP coding region.
Sequencing reactions were run on ABI 3700 or ABI
3100-Avant genetic analysers using BigDye Terminator
chemistry (Applied Biosystems). The chromatograms
were checked manually with the help of programs SeqS-
cape v2.1.1. (Applied Biosystems) or Staden Package [37]
using the Suffolk sheep PrP coding region as a reference
(GenBank accession no. M31313), and the polymorph-
isms at codons 136, 141, 154 and 171 were determined.Brain sampling
Altogether samples from 15 804 sheep were studied for
the presence of scrapie during the years 2002–2008. The
sheep brain stem was removed with a sampling spoon.
Detection of atypical scrapie cases in Europe led to
changes in the brain sampling protocol, and hence, since
2004, a second sample containing cerebellum was col-
lected when possible.TSE testing
The brain samples collected from healthy sheep were
analysed with Bio-Rad TeSeEW test (Bio-Rad, Nazareth,
Belgium). Brain samples from fallen stock, emergency-
slaughtered and sick sheep were analysed with PrionicsW
Check WESTERN (Prionics, Schlieren-Zurich, Switzer-
land) from 1.1.2002 to 31.12.2004, and starting from
1.1.2004 with the Bio-Rad TeSeEW test. The brain sam-
ples were homogenized, treated with Proteinase K and
analysed in rapid tests according to manufacturers´
instructions. Positive scrapie cases were confirmed by
SAF immunoblot according to standardized method-
ology [19] and/or by BioRad TeSeEW Western blot test
(Bio-Rad, Nazareth, Belgium) according to manufac-
turers´ instructions.Competing interests
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